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(57) The flow control valve consists of a body (20) containing a -bucket" shaped valve element (1) that moves 
m a bore (2). The valve element (1) has a discharge orifice (8) through which a needle (9) projects. Movement 
of the valve element (1) within the bore (2) adjusts the annular clearance between the orifice (8) and the needle 
(9) thereby varying the pressure drop across the valve element (1 ) and the rate of the main flow through the 
valve. The miet (4a) is located upstream of the valve element (1) with a spill port (7) located adjacent the walls 
of the valve element. With this arrangement the spill flow rate is adjusted by movement of the valve element 
(1) withm the bore (2). However, in all cases the main flow of fluid passes through the orifice <8) of the valve 
element (1 ) through the bore (2) to the outlet (10) thereby avoiding the formation of stagnant "pools' of fluid 
within the bore (2) of the flow control valve. » k 
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FLOW CONTROL VALVE 

The present invention relates to a flow control valve, and In 
particular to a flow control valve having Improved flow cojrtrol 
characteristics resulting in innproved output flow rates and pressures. The 
valve is particularly suited to pumps which pump fluids, predominantly 
containing liquids. 

In a known pump assembly, the discharge from the pumping 
element flows to a valve arrangement having a valve element nominally 
floating in a bore. The valve arrangement Includes a cavity into which the 
discharge from the pumping element flows. The cavity includes a 
discharge orifice through which fluid flows from the cavity with a pressure 
drop being established across the discharge orifice. The cavity has a 
further separate opening into the bore in which the valve element is 
"floating". On the downstream side of the discharge orifice, a passage 
runs to the side of the bore, distant from the cavity, relative to the valve 
element. Thus, the valve element is balanced with two pressures, the 
pumping pressure (of the fluid in the cavity) acting on one end and the 
discharge pressure (determined by the discharge orifice) applied to the 
other end. A biasing member in the fomi of a spring is also provided to 
bias the valve element towards the cavity, whilst the pressure difference 
across the valve element acts to bias the valve element away from the 
cavity. In this way the valve arrangement is located in a bore which 
communicates across the discharge orifice of the cavity which in turn 
means that the valve element is separate from the discharge orifice. 

In this arrangement, if the pumping pressure exceeds the 
discharge pressure by more than a predetermined amount, the valve 
element becomes sufficiently displaced from its position of zero 
displacement (i.e. its position when there is no pressure difference across 
the valve element) to open a channel to a spill port which directs fluid from 



the cavity back to the inlet of the pump. The difficulty with this 
arrangement is that there is insufficient control of the discharge flow rate, 
from the discharge orifice, with respect to pump speed and pressure. In 
fact, with such an arrangement, the discharge flow rate tends to increase 
with both pump speed and pressure. 

The disadvantage described above with the conventional 
valve arrangement can be mitigated to an extent by forming a small recess 
in the front of the valve element and by suitable shaping of the spill port. 
Additionally, the valve arrangement may be improved by providing a 
"needle" (a rod having a profiled shape) on the end of the valve element 
which moves in the discharge orifice formed in a discharge plug aligned 
with the valve element such that the annular area between the needle 
and the circumference of the discharge orifice varies with the movement of 
the valve element in the bore. The problems with this arrangement are 
that the needle position is fixed relative to the position of the valve element, 
the needle is expensive to manufacture and the region within the bore 
where the discharge pressure acts has an almost stagnant pool of fluid, 
where problems of contamination can develop. The valve element must 
also be further increased in complexity because of the need to incorporate 
within it a pressure relief valve, which opens at a high pres;sure setting (e.g. 
approximately 50-70 bars) to relieve pressure back to the pump inlet in the 
event of overloading the output. 

The present invention seeks to provide a flow control valve 
which addresses the above identified disadvantages and provides an 
improvement over the prior art referred to. 

According to the present invention there is provided a flow 
control valve comprising a body, a bore having first and second axial ends, 
the bore being formed within the body of the valve; a valve element 
movably located within the bore; an inlet in communication with the first 
axial end of the bore; an outlet in communication with the second axial end 
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of the bore; adjustment means for adjusting at least one characteristic of 
the flow of fluid through the flow control valve in accordance with the 
position of the valve element within the bore; and a discharge orifice 
formed In the valve element for establishing a pressure differential across 
5 the valve element between the first and second axial ends of the bore. 

With the present Invention, therefore, the valve element, in 
combination with the discharge orifice in the valve element, provides the 
primary route through the valve to the outlet for discharging fluid. 

The adjustment means preferably includes a spill port having 

10 an opening Into the first axial end of the bore, the valve element being 
slldable axialiy within the bore between a first position, in which the 
opening of the spill port Is blocked by the valve element and a second 
position in which the opening to the spill port from the first axial end of the 
bore is not blocked by the valve element. In this way, a substantially 

15 constant pressure drop across the discharge orifice may be maintained. 

AKematively, or additionally, the adjustment means may 
Include a needle v«^lch is positioned so as to project through the discharge 
orifice such that movement of the valve element within the bore causes 
relative movement between the discharge orifice and the needle which 

20 relative movement alters the clearance between the needle and discharge 
orifice. In this context, the needle functions as a variable closure member 
in relation to which the valve element and hence the discharge orifice 
move such that the relative movement between the valve element and the 
variable closure member alters the volume of fluid which flows per second 

25 through the discharge orifice. It is generally envisaged ttiat the variable 
closure member will take the form of a shaped rod the external cross- 
sectional area of which varies along its length and which is mounted so 
that the free end of the rod projects through the discharge orifice such that 
relative axial movement between the valve element and the rod will cause 

30 the annular clearance between the rod and the discharge orifice to vary in 



size thus varying the volume of fluid which can flow through the clearance 
per second. 

By mounting the needle so that the valve element (and thus, 
in the present invention, the discharge orifice) moves relative to it. there is 
much greater flexibility in the scope for design variations of the needle as it 
need not be attached to the valve element. For example, the needle may 
be rigidly fitted concentric or eccentric with the discharge orifice, it may be 
pemnitted to fall to one side of the discharge orifice to Improve the 
consistency of flow restriction, or it may be mounted with flexibility axially 
and/or radially (with a device such as a spring, a pad or another valve) to 
increase the variables available for control of the rate of flow of fluid 
through the discharge orifice. There are also other advantages to the 
arrangement of the present invention such as the avoidance of the near 
stagnant area of fluid at the second axial end of the bore, and also, the 
needle is much cheaper and easier to manufacture. As the output or 
discharge of the flow control valve is straight through the discharge orifice 
in the valve element, no communication channel needs to be made to the 
second axial end of the bore from the downstream side of the discharge 
orifice, as is the case in the prior art. and so fluid and consequent pressure 
loss may be reduced. 

By providing a small hole bored through the needle a safety 
pressure relief valve may be positioned in the closing plug or at any 
convenient location remote from the bore which senses the fluid pressure 
in the second axial end of the bore or. in other words, the discharge or 
output pressure of the flow control valve. Operation of this safety relief 
valve both increases the flow of fluid through the discharge orifice and 
causes the valve element to move towards its second position thus 
opening the spill port and generally preventing any excess pressure build- 
up without the requirement of a complicated and expensive pressure 
release valve in the valve element itself. The dimensions of the hole bored 
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through the needle can be selected to provide a pressure drop from one 
end of the hole to the other which may be useful for shaping the control 
characteristics of the safety pressure relief valve during spilling of fluid from 
the first axial end of the bore into the spill port. The safety pressure relief 
5 valve may be fitted anywhere in the valve body provided it is in 
communication with the downstream side of the discharge orifice. 
Preferably the safety pressure relief valve is an-anged to spill fluid through 
the safety pressure relief valve directly into the inlet of the pump from the 
pump discharge of which fluid to the inlet of the flow control valve is driven. 

1 0 Thus, the safety pressure relief valve may be fitted in the valve bore to 
communicate directly with the second axial end of the bore (the needle 
hole is then not required), or somewhere else along the output of the flow 
control valve without there being a significant pressure drop from the 
output flow to the safety pressure relief valve. However, with such an 

1 5 arrangement the additional control option provided by the pressure drop is 
lost. 

In order that the present invention may be better understood 
an embodiment thereof will now be described by way of example only with 
reference to the accompanying drawing. Figure 1. which is a cross- 

20 sectional view through a flow control valve In accordance with the present 
invention. The valve shown in the accompanying figure is suited for use as 
a flow control valve on the outlet of a fluid pump. In particular, the valve 
may be used with the type of pump having a carrier mounted on a shaft for 
rotation therewith, a plurality of pumping elements mounted radially 

25 extendibly within or on the carrier, a cam ring whose internal surface is 
followed by the pumping elements as the shaft, carrier and pumping 
elements rotate with respect to the cam ring, and which is not co-axial with 
the earner, a pump inlet and a pump outlet, and wherein the flow control 
valve is connected to the pump outlet. 

^° A valve body 20 contains a "bucket" shaped valve element 1 
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which moves in a close fitting bore 2. Fluid is pumped into a radial 
passage 25 and into a cavity 3 in a first axial end of the bore 2, through 
holes 4a in a spacer 4, which holes 4a thus form an inlet to the cavity 3 of 
the flow control valve. The pumped, pressurised fluid may move the valve 
5 element 1 against the force of a precompressed spring 5 until the fluid in 
the cavity 3 starts to spill through entrance 6 Into a return or spill port 7. A 
fixed needle 9 is mounted in the body 20 of the valve and projects through 
a cavity discharge orifice 8 formed within the valve element 1. Movement 
of the valve element 1 in the bore 2 causes the annular clearance between 

10 the cavity discharge orifice 8 and the fixed needle 9. which has a tapered 
profile, to change in cross-sectional area, such that the pressure drop 
across the valve element 1 from a first axial end 21 of the bore 2 to a 
second axial end 22 of the bore 2 varies. The movement of the valve 
element 1 also modifies the spill flow rate through entrance 6 into return 

15 port 7. By suitably selecting the profile of the needle 9 and the shape of 
the entrance 6 to the retum port 7 the desired output flow rate via cavity 
10, which thus forms an outlet of the valve, may be achieved. 

Also shown in Figure 1 is a capillary hole 1 1 bored through 
the needle 9 which feeds pressure to a ca /ity 12 by way of a safety 

20 pressure relief valve 23 mounted in the plug 1 3, such that relief flow 

through the capillary hole 1 1 causes the flow rate through the discharge 
valve 8 to increase. At the same time, the reduction in pressure in the 
second axial end 22 of the bore 2 increases the pressure drop between the 
first axial end 21 of the bore 2 and the second axial end 22 of the bore 2 

25 which in tum causes the valve element 1 to move away from the cavity 3 
thus opening the valve edge of the entrance 6 to the retum port 7 to a 
larger extent, which in tum allows the bulk of the excess fluid from the 
cavity 3 to flow out of the flow control valve and, via a suitable passage 
(not shown), to the pump return. 

30 The plug 13 secures the flow control valve assembly and 



spring 5 within the bore 2. The most important elements of the flow control 
valve whose dimensions may be altered in order to control the flow 
characteristics of the valve are the relative sizes of the discharge orifice 8. 
the capillary hole 1 1 , the opening 6 to the return port 7 and the profile of 
the needle 9; the viscosity of the fluid being pumped through the valve will 
also affect the flow characteristics of the valve. 

Although not shown in the Figure, the needle 9 may be 
mounted on a flexible platform which is attached to the body of the valve. 
The flexible platform can be used to move the needle axially, radially or 
both as a further control of the fluid rate through the valve. Also, the 
needle need not be concentric with either the bore or the discharge orifice. 
An eccentric position may afford improved consistency of flow restriction. 

It will be apparent to a person skilled in the art that alternative 
arrangements of the valve concept may be employed without departing 
from the scope of the present invention as set out in the claims. In 
particular, the shape of the needle may be adjusted as required. The valve 
element 1 needs only to "seal" (reduce leakage to acceptable values 
compared with that flowing through the annular clearance between the 
discharge orifice 8 and the needle 9) so it may take any shape compatible 
with the bore shape provided it is free to move axially. The output cavity 
10 may be connected to an outlet fitting which may incorporate a second 
cap to facilitate boring and spring mounting. The choice of materials used 
essentially depends on the strength, machining cost and fluid compatibility 
of the various elements of the flow control valve, but irons, steels or 
aluminium alloys are preferred. Mechanical force devices are most 
conveniently fitted as coil springs, but are not exclusively so. The valve 
discharge orifice shape is nonnally a constant diameter bore, but could be 
some other variable shape. The valve element may be moved with 
electrical or mechanical devices controlled by the pressures in addition to 
or instead of using a mechanical force device such as a spring. Finally, the 



term "fluid" is used in a generic sense to include any liquid, possibly 
containing free gas, but in practice a lubricating fluid, for low friction wear, 
will be preferred. Details of the safety pressure relief valve and its location 
are immaterial except as how they require features in the flow control valve 
to operate. 



CLAIMS 



1- A flow control valve comprising a body; a bore having first 

and second axial ends, the bore being formed within the body of the valve; 

5 a valve element movably located within the bore; an inlet in communication 
with the first axial end of the bore; an outlet in communication with the 
second axial end of the bore; adjustment means for adjusting at least one 
characteristic of the flow of fluid through the flow control valve in 
accordance with the position of the valve element within the bore; and a 

0 discharge orifice formed in the valve element for establishing a pressure 
differential across the valve element between the first and second axial 
ends of the bore. 

2. A flow control valve as claimed in claim 1 , wherein the 

adjustment means Includes a spill port having an opening into the first axial 
5 end of the bore and wherein the valve element is slidabie axially within the 
bore between a first position, in which the opening of the spill port is 
blocked by the valve element, and a second position in which the opening 
to the spill port from the first axial end of the bore is not blocked by the 
valve element. 

3 3. A flow control valve as claimed in claim 1 or claim 2, wherein 

the adjustment nrieans includes a variable closure member, the valve 
element being arranged to move relative to the variable closure member 
whereby the open area of the discharge orifice Is altered. 

A flow control valve as claimed in claim 3, wherein the 
variable closure member is in the form of a needle which is positioned so 
as to project through the discharge orifice, the arrangement of the needle 
with respect to the discharge orifice bejng such that movement of the valve 
element in the bore causes relative movement between the discharge 
orifice and the needle so as to alter the clearance between the needle and 
the discharge orifice. 
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5 A flow control valve as claimed in claim 4, wherein the 

external cross-sectional area of the needle varies along its length. 

6- A flow control valve as claimed in either one of claims 4 or 5, 
wherein the needle is mounted on a flexible platfonn which is attached to 
the body of the valve. 

7- A flow control valve as claimed in claim 6. wherein the flexible 
platform comprises a spring, a soft pad, a pressure controlled device or a 
similar device which permits the needle to move axially, radially or both as 
required to control the rate of flow of fluid through the discharge orifice. 

8- A flow control valve as claimed in any one of claims 4 to 7, 
wherein said needle has a hole bored therethrough whereby the pressure 
within the second axial end of the bore can be communicated to a safety 
pressure relief valve for preventing dangerously high pressures fl-om 
developing in the valve. 

9- A flow control valve as claimed in any one of claims 1 to 7 
further comprising a safety pressure relief valve communicating with the 
second axial end of the bore whereby, when the safety pressure relief 
valve is opened, the flow of fluid through the discharge orifice is increased. 

10. A pump assembly including a flow control valve as claimed in 
any one of the preceding claims, said pump assembly being of the type 
comprising a canrler mounted on a shaft for rotation therewith, a plurality of 
pumping elements mounted radially extendibly within or on the earner, a 
cam ring whose internal surface is followed by the pumping elements as 
the shaft, carrier and pumping elements rotate wtth respect to the cam ring, 
and which is not co-axial with the carrier, a pump inlet and a pump outlet, 
and wherein the flow control valve is connected to the pump outlet. 

11. A flow control valve substantially as hereinbefore described 
with reference to the accompanying drawing. 
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